During amphibian o6genesis, small o6cytes in the first meiotic prophase undergo a prolonged growth period resulting in the formation of fully developed o6cytes which have greatly increased in size. The injection of a pituitary suspension into mature females stimulates the release of the full-grown o6cytes from the ovary and the breakdown of their large nuclei (germinal vesicles). The ovulated eggs then continue maturation to the second meiotic metaphase. It is only in the latter condition that the eggs will respond to an activating stimulus, provided either by sperm or parthenogenetic agents, before they complete the second meiotic division and continue their development.1
During amphibian o6genesis, small o6cytes in the first meiotic prophase undergo a prolonged growth period resulting in the formation of fully developed o6cytes which have greatly increased in size. The injection of a pituitary suspension into mature females stimulates the release of the full-grown o6cytes from the ovary and the breakdown of their large nuclei (germinal vesicles). The ovulated eggs then continue maturation to the second meiotic metaphase. It is only in the latter condition that the eggs will respond to an activating stimulus, provided either by sperm or parthenogenetic agents, before they complete the second meiotic division and continue their development. 1 The period of o6genesis is an interval of intense metabolic activity,2 and it is during the later phases of o6cyte growth that the large yolk reserve is laid down.3 However, it has been heretofore claimed that the full-grown ovarian o6cyte is metabolically inactive: studies on amphibian eggs, based on autoradiographic evidence, have failed to demonstrate protein synthesis in either the full-grown o6cytes or in ovulated eggs prior to fertilization.4' Similar studies have demonstrated only small amounts of protein synthesis during cleavage stages.6
In earlier experiments, we measured protein synthesis after fertilization or artificial activation of Rana pipiens eggs by injecting tritiated leucine directly into the eggs and measuring its incorporation into acid-precipitable proteins. These experiments showed that significant protein synthesis occurs in the first six hours after fertilization or artificial activation, and that the rate of this synthesis remains essentially constant over the time studied.8 Furthermore, our observation that protein synthesis assumes its definitive rate with virtually no time lag after activation suggests that protein synthesis may already be in progress at the time of activation.
In the present investigation, we have measured the incorporation of labeled leucine into the proteins of full-grown ovarian o6cytes and ovulated eggs during the whole period of maturation, up to and including fertilization or artificial activation. On the basis of these experiments, we have attempted to determine the time when protein synthesis begins prior to activation and the stimulus responsible for its initiation.
Materials and Methods.-Rana pipiens which were collected in the fall were used in these studies. Ovulation was induced in mature females by the intraperitoneal injection of a pituitary suspension. This was prepared by mincing two female and one male R. pipiens pituitaries in 1.5 ml of Steinberg's solution.9 After injection of the suspension, the frogs were maintained at a temperature of 18 ± 0.50C.
Prior to ovulation, individual eggs could be obtained only by dissecting them from their ovarian sheath and follicular membranes with watchmaker's forceps. Release of eggs from the ovary into the coelom usually began about 20 hours after injection of the pituitary suspension and continued over a period of several hours. During this time, free body-cavity eggs, surrounded only by a thin vitelline membrane, could be obtained from the exposed coelom with a wide-mouth pipette. After the completion of ovulation, uterine eggs were obtained by stripping the frogs.
All manipulations were carried out in Steinberg's solution and at room temperature, which varied from 18 to 200C.
The time required for breakdown of the germinal vesicle, after injection of the pituitary suspension, was determined by direct observations of the presence or absence of the vesicle in dissected eggs. The stages of meiosis were followed by observing the visible changes that occurred in the surface of the living egg. For example, the occurrence of first meiotic metaphase is indicated by the presence of a distinct black pit in the animal hemisphere (first dot), and the first polar body can be seen to emerge from this pit.' Subsequently, a second black pit appears which shows the position of the second meiotic metaphase figure (second dot). The time sequence of these events, at 18'C, is summarized in Results.
Protein synthesis was measured by essentially the same technique as described in earlier reports.7' 8 Tritiated 1-leucine (1 mc/ml; 5 c/mM, New England Nuclear Corp.) was injected into individual eggs by a calibrated micropipette. Eggs were removed from donor females prior to and at periods after injection of the females with the pituitary suspension. The eggs were each injected with 18 mMl of the isotope solution (buffered to pH 7.0), and transferred, in groups of five, to small stender dishes containing Steinberg's solution. After 1 hr, each group of five eggs was homogenized in 3 ml of 0.15 M NaCl. Controls were prepared by the injection of the isotope followed by immediate homogenization of the eggs. Both experimental and control groups were then extracted overnight at 4VC.
The saline-soluble proteins were precipitated at 60'C for 30 min in 0.5 N perchloric acid (PCA), with 200 &g of carrier bovine serum albumin added to each extract. After one wash in 0.5 N PCA, the protein precipitates were dissolved in 0.2 ml of hyamine, acidified by addition of 0.1 ml glacial acetic acid,'0 quantitatively transferred to scintillation vials in 20 ml of scintillation fluid, and counted. Counts in the control groups, which generally averaged less than 100 cpm, were subtracted from the counts in the experimental groups. Thus, any nonspecific incorporation of the isotope due to contamination of the samples was subtracted, as background, from the experimental samples.
Results and Discussion.-Under the conditions used in these experiments, fullgrown ovarian o6cytes from uninjected frogs were capable of incorporating labeled 1-leucine into proteins (Table 1) . This observed low level of incorporation remained essentially constant in the absence of an injection of pituitary suspension, regardless of whether the donor frogs were taken directly from hibernation (40C) or had been maintained at room temperature (18-20C) for periods of days. Table 1 shows that in eggs taken from stimulated frogs, protein synthesis continuously increased over the level seen in eggs from uninjected frogs. The precise time at which protein synthesis begins to increase is difficult to define as incorporation begins slowly and only gradually accelerates. There is, however, a twofold increase already apparent before complete breakdown of the germinal vesicle is observed. The level of incorporation continues to increase after breakdown of the germinal vesicle and reaches a maximum at least ten times higher than that observed in full-grown ovarian oocytes from uninjected frogs. This maximum level persists until well after the mature egg becomes capable of being activated (or fertilized) and, in fact, will remain at about the same level for a period of days, regardless of whether or not activation occurs. Since the rise in the level of incorporation occurs only in eggs from frogs which had been injected with the pituitary suspension, it is apparent that this whole pattern of protein synthesis is initiated as a result of the action of pituitary hormones. This conclusion is consistent with a growing body of experimental evidence which implicates hormones in the control of protein biosynthesis in a variety of different systems. '1 Concomitant with the effect on protein synthesis, pituitary hormones also initiate a series of morphological events leading to cytoplasmic maturation (ability of the egg to be activated). These events include breakdown of the germinal vesicle and the two meiotic divisions. The primary effect of the pituitary hormones appears to be on the germinal vesicle since breakdown of the germinal vesicle only occurs in the presence of the hormones.'2 Cytoplasmic maturation is possible only if nuclear sap from the germinal vesicle passes into the cytoplasm. However, once contents of the germinal vesicle have begun to enter the cytoplasm, the presence of the hormones is no longer required and the eggs can complete maturation in culture media. '2 Although it is apparent that breakdown of the germinal vesicle and the initiation of protein synthesis are stimulated by the presence of the pituitary hormones, we have no direct evidence of a causal relationship between the two events. Protein synthesis begins to increase before the complete breakdown of the germinal vesicle (Table 1) ; but the latter event is a rather poorly defined process. During the course of dissolution, the germinal vesicle moves from a central location in the animal hemisphere toward the egg surface and, in this interval, decreases in size and changes from a turgid to a flaccid consistency until it simply disappears. Thus, it is difficult to ascertain when contents of the germinal vesicle first begin to enter the cytoplasm. In addition, exact measures of the rate (see ref. 8) of protein synthesis would be essential to establish a causal relationship between morphological and synthetic events. In the present investigation, we have not measured rate-only the incorporation during a one-hour pulse.
The point at which protein synthesis is initiated in R. pipiens eggs is distinctly different from that reported on several groups of invertebrate eggs. In sea urchins, for example, both meiotic divisions are completed while the eggs are still in the ovary, and maturation is thus completed before fertilization occurs. Protein synthesis has been reported to be negligible in the ovulated, unfertilized egg.'3 Immediately after fertilization or artificial activation, however, this metabolic block is removed and active protein synthesis is initiated.'3 In starfish, the o6cytes are shed with intact germinal vesicles, and on contact with sea water proceed spontaneously to the first and second maturation divisions. Fertilization can occur at any time after the eggs are shed, but protein synthesis apparently begins only after the completion of meiosis and the formation of the second polar body. 14' 15 Finally, eggs of the mollusk, Spisula solidissima, are also shed with intact germinal vesicles. It is at this stage that fertilization normally takes place. Fertilization initiates breakdown of the germinal vesicle and the subsequent meiotic events. In this case, incorporation of amino acids into proteins begins after breakdown of the germinal vesicle and well before the formation of polar bodies." ' 15 In all cases just described, the unfertilized egg has been reported to show no protein synthesis. Fertilization presumably releases the eggs from a metabolic block. However, this is not necessarily an immediate response; maturation apparently must progress to a certain stage, different in the eggs of different animal groups, for the release to occur.14 15 In Rana pipiens, protein synthesis is initiated soon after the injection of donor females with a pituitary suspension. Coincident with this increased protein synthesis, the egg undergoes maturation to the second meiotic metaphase. Although we are uncertain as to whether or not the egg must progress to a certain point in the maturation process before stepped-up protein synthesis occurs, protein synthesis obviously takes place long before fertilization and even before completion of breakdown of the germinal vesicle (see Table 1 ). Thus, neither fertilization nor subsequent developmental events (i.e., cleavage) appear to have any immediate quantitative influence on protein synthesis. These events appear to be merely superimposed upon a pattern of protein synthesis that was initiated many hours earlier and will continue for many hours, whether or not the egg is fertilized. Thus, fertilization (or artificial activation) itself does not serve as a stimulus for protein synthesis. The possibility cannot be excluded, however, that fertilization elicits changes in the nature of proteins synthesized. Obviously, it is necessary for the ultimate continuation of protein synthesis, for without this event cleavage will not normally occur and the eggs will eventually degenerate. Possibly the degeneration of eggs in the uterus of ovulated frogs (overripe eggs) is due to the continued synthesis of proteins in the absence of fertilization; that is, the pattern of protein synthesis may have been carried beyond the point where a proper cellular environment can be provided for normal development. Summary.-In the frog, Rana pipiens, the maturation of fully grown oocytes is initiated by pituitary hormones. The events of maturation include the breakdown of the germinal vesicle and the meiotic divisions up to the second meiotic metaphase. It is only after these events have taken place that the eggs can be fertilized or artificially activated. In the present investigation, we have measured protein synthesis in eggs not only prior to injection of the pituitary suspension, but also afterwards, i.e., during the course of maturation through and including fertilization or artificial activation. The results of these experiments show that full-grown o6cytes from unstimulated frogs are capable of a low but discrete level of protein synthesis. Synthesis increases only after the injection of donor frogs with a pituitary suspension. Thus, pituitary hormones appear to initiate protein synthesis in Rana pipiens eggs. Coincidental with the initiation of protein synthesis, the injection of pituitary
